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DESCRIPTION 

METHOD FOR ASSESSING CANCEROUS STATE 

Ti:CHNICAL FIELD 

The present invention relates to a method for assessing 
a cancerous state of a raaramal- derived specimen, and the like, 

BiiCKGROUND ART 

Although it has been gradually revealed that a cancer is 
a disease, a cause of which is gene abnormality, the mortality 
o:: cancer patients is still high, demonstrating that diagnosing 
methods and treating methods which are currently available are 
not necessarily fully satisfactory. It is clinically 
s:.gnlf leant to detect cancer early and to choose an effective 
tiTeatment for the detected cancer and further to provide 
a:-:tercare for checking cancer recurrence and the like following 
t::eatment. 

Then, there is desired development of a method for 
aiisesslng a cancerous state of a mammal -derived specimen based 
ou detection of a gene abnormality, which is suitable for a 
diagnosing method to detect cancer early, an efficacy assessment 
o:f cancer treatment and check of cancer recurrence and the like . 



DICSCLOSURE OF THE INVENTION 



Under such the circumstances, the present Inventors 
intensively studied and , as a result , have found that a Fibrlllin2 
gone ^(hereinafter, referred to as FBN2 gene in some cases) is 
methylated in a cancer cell line and a specimen of a cancer tissue 
ai: a significantly higher frequency as compared with an 
iiimortalized normal cell line and a specimen of a normal tissue 
and, in this cancer cell line, the expression level of Pibrillin2 
gone in a cancer cell line is significantly lower as compared 
w:.th an immortalized normal cell line and, further, have found 
that the expression level of such the gene can be increased by 
a<:ting a DNAmethylation inhibitor on the cancer cell line, which 
resulted in completion of the present invention. 
That is, the present invention provides: 

1. a method for assessing a cancerous state of a 
miimmal-derived specimen, which comprises : 

(1) a first step of measuring a methylation frequency of 
F:.brillin2 gene contained in a mammal -derived specimen or an 
index value having the correlation therewith, and 

(2) a second step of determining a cancerous state of the 
sjjecimen based on a difference obtained by comparing the measured 
mothylation frequency or the index value having the correlation 
therewith, with a control (hereinafter, referred to as present 
ajisessing method in some cases); 

2. the assessing method according to the above 1, wherein 
tlie mammal -derived specimen is cells; 
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3. the assessing method according to the above 1, wherein 
tlie mammal -derived specimen is a tissue; 

4. a method for assessing a cancerous state of a 
m.)imnal- derived specimen, which comprises: 

(1) a first step of measuring a methylation frequency of 
PLbrillin2 gene contained in the mammal -derived specimen, and 

(2) a second step of determining a cancerous state of the 
8 pecimen based on a difference obtained by comparing the measured 
mathylation frequency with a control; 

5. the assessing method according to the above 1, wherein 
the mammal-derived specimen is cells, and the cancerous state 
of the specimen is a malignancy of mammal- derived cells ; 

6. the assessing method according to the above 4, wherein 
the mammal-derived specimen is cells, and the cancerous state 
of the specimen is a malignancy of a mammal-derived cell; 

7 . the assessing method according to the above 1 , wherein 
the mammal-derived specimen is a tissue, and the cancerous state 
cf the specimen is an amount of cancer cells existing in a 

niaimnal- derived tissue; 

8. the assessing method according to the above 4. wherein 
the mammal-derived specimen is a tissue, and the cancerous state 
cf the specimen is an amount of cancer cells existing in a 

n.ammal- derived tissue; 

9 . the assessing method according to the above 8, wherein 
the tissue is a pancreatic tissue, and the cancer is pancreatic 
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cancer; 

10. the assessing method according to the above 1 or 4. 
wlierein the methylatlon frequency of a gene Is a methylatlon 
firequency of cytosine In one or more nucleotide sequence(s) 

5 ri»presented toy 5'-CG-3' present in a nucleotide sequence of a 
p:romoter region, an untranslated region or a translated region 
o:: the gene; 

11 . the assessing method according to the atoove 12 , wherein 
t:ie tissue is a pancreatic tissue, and the cancer is pancreatic 

10 cincer; 

12. the assessing method according to the above 1 or 4, 
wiiereln the methylatlon frequency of a gene Is a methylatlon 
frequency of cytosine in one or more nucleotide sequence(s) 
represented by 5'-CG-3' present in a nucleotide sequence of a 

15 p.romoter region in the gene; 

13. the assessing method according to the above 1 or 4, 
w:ierein the methylatlon frequency of a gene is a methylatlon 
frequency of cytosine in one or more nucleotide sequence(s) 
represented by 5'-CG-3' present in a nucleotide sequence of an 

20 untranslated region or a translated region of the gene; 

14 . the assessing method according to the above 1 , wherein 
t le methylatlon frequency of a gene is a methylatlon frequency 
oE cytosine in one or more nucleotide sequence(s) represented 
by 5'-CG-3' present in the nucleotide sequence represented by 

25 S.2Q ID No: 1; 
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15 . the assessing method according to the above 16 , wherein 
the tissue Is a pancreatic tissue, and the cancer Is pancreatic 
cjuicer; 

16. a method for assessing a cancerous state of a mammal 
5 di^rlved specimen, which comprises : 

(1) a first step of measuring an Index value having the 
correlation with a methylatlon frequency of Flbrlllln2 gene 
contained In the mammal -derived specimen, and 

(2) a second step of determining a cancerous state of the 
10 s:^eclmen based on a difference obtained by comparing the Index 

viilue having the correlation with the measured methylatlon 
f:reguency with a control ; 

17 . the asses sing method according to the above 16 , wherein 
t:ie Index value having the correlation with a methylatlon 

15 f requency of Flbrlllln2 gene Is an amount of an expression product 
of the Plbrlllln2 gene; 

18 • the assessing method according to the above 1 7 , wherein 
tae amount of an expression product of Flbrlllln2 gene Is an 
atnount of a transcription product of the gene; 

20 19 . the assessing method according to the above 17 , wherein 

tae amount of an expression product of Flbrlllln2 gene Is an 
amount of a translation product of the gene; 

20 . a method for searching a substance having the ability 
of promoting the expression of Flbrlllln2 gene, which comprises : 

25 ( 1 ) a first step of bringing a test substance Into contact 
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with a cancer cell, 

(2) a second step of measuring an amount of an expression 
product of Fibrlllin2 gene contained in the cancer cell after 
tae first step (1), and 
5 (3) a third step of determining the ability of the test 

s ibstance to promote the expression of Fibrlllln2 gene possessed 
hf, based on a difference obtained by comparing the measured 
atiount of an expression product with a control (hereinafter, 
referred to as present searching method in some cases); 
10 21 . the searching method according to the above 20 , wherein 

the cancer cell is pancreatic cancer cell; 

22. an anti-cancer agent, which comprises a substance 
having the ability found by the searching method of the above 
20 as an active ingredient, wherein the active ingredient is 

15 formulated into a pharmaceutically acceptable carrier; 

23. an anti-cancer agent, which comprises a nucleic acid 
c omprising a nucleotide sequence encoding an amino acid sequence 
cf Fibrillin2 as an active ingredient, wherein the active 
ingredient is formulated into a pharmaceutically acceptable 

20 carrier; 

24 . use of methylated Fibrillin2 gene as a cancer marker; 

25. the use according to the above 24, wherein the cancer 
marker is a pancreatic cancer marker; 

26. a method for inhibiting canceration, which comprises 
25 ei step of administering a substance which reduces a methylatlon 
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frequency of Fibrillin2 gene, to cells in a body of a mammal 
wUlch can be diagnosed as a cancer; and 

27. the canceration inhibiting method according to the 
aoove 26, wherein the cancer is pancreatic cancer; and the like. 

5 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

Figure 1 is a view showing the results obtained by 
performing PGR using, as a template, genomic DNAs prepared from 
human-derived immortal (normal) pancreatic ductal epithelial 

10 cell lines (HPDE-4/E6E7 and HPDE6-E6E7c7)and seven kinds of 
pancreatic cancer cell lines (BXPc3, HPAF-II, Capan-2, MiaPaCa-2, 
Hs766T, PANC-1 and HPAC) and treated with sodium bisulfite, 
lespectively, and analyzing the PGR reaction solutions after 
PGR with agarose gel electrophoresis. Names of cells used are 

15 shown at the top of the view. The view indicated as HPDE4/SssI 
shows DNA obtained by treatment of genomic DNAs of HPDE-4/E6E7 
vith methylase Sssl. Lane U, the PGR reaction solution of PGR 
v:sing a unmethylation-specif ic primer; lane M, the PGR reaction 
Eiolution of PGR using a methylation- specific primer. 

20 Figure 2 is a view showing the results obtained by 

lerforming PGR using, as a template, genomic DNAs prepared from 
] 2 specimens of pancreatic cancer tissues and the surrounding 
pancreatic normal tissues (obtained from patients with their 
j.nformed consent) and treated with sodium bisulfite, 

25 respectively, and analyzing the PGR reaction solutions after 
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PCR with agarose gel electrophoresis . Case 1 to case 12 represent 
specimens. Cancer represents pancreatic cancer tissue and 
Normal represents the surrounding pancreatic normal tissue. 
Lane U, the PCR reaction solution of PCR using a 
uiimethylatlon- specific primer? laneM, the PCR reaction solution 
of PCR using a methylat Ion -specific primer. 

Figure 3 Is a view showing Flbrlllln2 gene dosage obtained 
bf amplifying with Real Time PCR DNA derived from mRNA of 
Fibrlllln2 gene In seven kinds of human-derived pancreatic cancer 
cell lines (BXPc3, HPAF-II, Capan-2. MlaPaCa-2, Hs766T, PANC-1 
and HPAC) and immortal (normal) pancreatic ductal epithelial 
cellsllnes (HPDE-4/E6E7 andHPDE6-B6E7c7) , Names of cells used 
a re shown at the hot torn of the view . The vertical axis represents 
Fibrillin2 gene dosage divided by GAPDH gene dosage. 

Figure 4 Is a view showing Flbrlllln2 gene dosage obtained 
by amplifying with Real Time PCR DNA derived from mRNA of 
F lbrlllln2 gene In 2 kinds of pancreatic cancer cell lines ( PANC- 1 
and HPAC) to which a methylatlon inhibitor 5Aza-dC was applied 
i n the concentration of 0 , 0.5\Morl \M, and in immortal ( noirmal ) 
pancreatic ductal epithelial cell (HPDE-4/E6E7) . Names of 
cells used are shown at the bottom of the view. The vertical 
eixis represents Flbrlllln2 gene dosage divided by GAPDH gene 
ci.osage . 

BEST MODE FOR CARRYING OUT THE INVENTION 
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The present invention will be explained In detail below. 
The present Invention relates to use of methylated 
Flbrlllln2 gene as a cancer marker (e.g. pancreatic cancer marker 
or the like), and the like. 
5 Examples of Flbrlllin2 gene used as a marker gene in the 

present invention include a human-derived gene containing an 
untranslated region (non-coding region) and a translated region 
( coding region ) of Fibrillin2 gene and a promoter region located 
on a 5' upstream side thereof. A nucleotide sequence of 

10 h jman-derived Fibrillin2 gene and an amino acid sequence encoded 
b/ it are described, for example, in Genbank Accession No. 
NM_001999 and the like . A nucleotide sequence of a genomic DNA, 
containing an exon located on a 5' most -upstream side 
(hereinafter, referred to as exon 1) among exons which comprise 

15 an untranslated region and a translated region (coding region) of 
human-derived Fibrillin2 gene, is described, for example, in 
Genbank Accession No. AC113387 and the like. In a nucleotide 
sequence described in Genbank Access ion No. AC113387, for example, 
c. nucleotide sequence of the exon 1 of human -derived Fibrillin2 

20 ciene is shown by nucleotide numbers 119656 to 119910. The 
iibrillin2 gene utilized in the present invention includes, in 
£i.ddition to a gene having the known nucleotide sequence 
<t.f orementioned, a gene having a nucleotide sequence such as 
deletion, substitution or addition of a nucleotide has occurred 

25 ^n such the nucleotide sequence, deriving from a naturally 
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occurring mutation due to a difference In organism species, a 
d.Lf f erence between individuals , or a difference between organs 
o:c tissues, or the like. 

5 There is the phenomenon that, among four kinds of bases 

constituting a gene (genomic DNA) , only cytosine is methylated 
iii mammals. For example, in mammal ~ derived Flbrlllln2 gene, 
some of cytosines of a genomic DNA of the gene are methylated. 
And, methylation modification of DNA is limited to cytosines 

10 in a nucleotide sequence represented by 5' -CG-3 ' (C represents 
cytosine, and G represents guanine; hereinafter, the nucleotide 
sequence is referred to as CpG in some cases). In cytosine, 
a site to be methylated is a 5-posltion thereof. Upon DNA 
replication prior to cell division, only cytosine in CpG of a 

15 template chain is methylated immediately after replication, but 
cytosine in CpG of a newly produced chain is also quickly 
irethylated by the action of methyltransf erase. Therefore, the 
status of methylation of DNA is inherited as it is to new two 
sets of DNAs also after DNA replication. 

20 

In the first step of the present assessing method, a 
'methylation frequency" is represented, for example, by a ratio 
of haploids in which the cytosine is methylated, when the presence 
or the absence of methylation of cytosine in CpG to be investigated , 
25 Is investigated for plural haploids. 
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Further, In the first step of present assessing method, 
examples of an "index value having the correlation with a 
(methylation frequency)" include an amount of an expression 
product of Fibrillin2 gene (more specifically, an amount of a 
5 transcription product of the gene , and an amount of a translation 
product of the gene ) and the like . In the case of such the amount 
of an expression product , there is such the negative correlation 
tLiat as the methylation frequency grows higher, the amount 
decreases accordingly. 

10 

Examples of the mammal -derived specimen in the first step 
of the present assessing method include living body samples such 
as cancer cells such as pancreatic cancer cells or a tissue 
containing it, and cells potentially containing a DNA derived 

15 from cancer cells such as pancreatic cancer cells, a tissue 
containing it (herein, a tissue broadly means including body 
fluids such as blood, plasma, serum, lymph and the like; lymph 
node and the like) or living body secreted substances (urine, 
milk and the like) • Specifically, for example, when the cancer 

20 is pancreatic cancer, examples include pancreatic tissue 
(including pancreatic fluid) taken from a subject animal. 

These living body samples may be used as it is as a specimen , 
or living body samples prepared by various procedures such as 
Beparation, fractionation, immobilization and the like from such 

25 the living body samples may be used as a specimen. 
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When the mammal -derived specimen Is blood, the present 
aissesslng method can be expected to be utilized in periodic 
physical checking, simple test, and the like. 

5 In the first step of the present assessing method, a method 

for measuring a methylation frequency of Fibrillin2 gene 
contained in a mammal -derived specimen or an index value having 
tlie correlation therewith may be performed, for example, as 
follows . 

10 

As a first method, there is a method in which, 
specimen -derived DNA is contacted with a reagent which modifies 
unmethylated cytosine and, thereafter, a polymerase chain 
reaction (hereinafter, referred to as PGR) is performed using 
15 the DNA as a template and using primers which can recognize the 
presence or the absence of methylation of cytosine to be analyzed, 
and an amount of the resulting amplification product is 
investigated. 

A DNA is first extracted from a mammal -derived specimen, 
20 f or example, using a commercially available DNA extracting kit 
cr the like. 

When blood is used as a specimen , plasma or serum is prepared 
from the blood according to the conventional method, and free 
DNA ( including a DNA derived from cancer cells such as pancreatic 
25 cancer cells and the like) contained in the prepared plasma or 
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serum as a specimen Is analyzed, whereby, a DNA derived from 
Cjiincer cells such as pancreatic cancer cell can be analyzed while 
avoiding a hemocyte- derived DNA, and a sensitivity for detecting 
c.:incer cell such as pancreatic cancer cell , or a tissue containing 
5 it can be improved. 

Then , after the extracted DNA is contacted with a reagent 
which modifies unmethylated cytosine, PGR is performed using 
the DNA as a template and using primers which can recognize the 
presence or the absence of methylation of cytosine to be analyzed, 

10 and an amount of the resulting amplification product is 

investigated, Cytosine to be analyzed may be selected from among 
cytosines in one or more nucleotide sequenGe(s) represented by 
5 ' -CG-3 ' which is present in a nucleotide sequence of a promoter 
region, an untranslated region or a translated region (coding 

15 region) of Flbrillin2 gene. 

Herein, for example, examples of one or more nucleotide 
seguence{s) represented by CpG which is present in a nucleotide 
sequence of a promoter region or an untranslated region or a 
translated region (coding region) of Fibrillin2 gene include 

20 a nucleotide sequence of a genomic DNA containing an exon 1 of 
t.uman- derived Fibrillin2 gene and a promoter region located on 
c. 5' upstream side thereof, more specifically, the nucleotide 
sequence represented by SEQ ID NO: 1 ( corresponding to a sequence 
complementary to the nucleotide sequence represented by 

25 nucleotide numbers 118801 to 121000 of a nucleotide sequence 
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dascrlbecL In Genbank Accession No . AC113387 ) . In the nucleotide 
sequence represented by SEQ ID NO: 1, the nucleotide sequence 
o:?. the exon 1 Is shown by nucleotide numbers 1091 to 1345. 
Cytosine in a nucleotide sequence represented by CpG which is 
5 present In the nucleotide sequence represented by SEQ ID NO: 
1 . shows a high methylatlon frequency (I.e. hypermethylatlon) , 
£or example, in cancer cells such as pancreatic cancer cells. 
More specifically, examples of cytosine having ahlgh methylatlon 
frequency in a pancreatic cancer cell include cytosines 
10 represented by nucleotide numbers 679, 687, 690, 699, 746, 773, 
777, 783, 795, 799, 812, 823, 830, 834, 843 and the like In the 
nucleotide sequence of SEQ ID NO: 1. 

As a reagent for modifying unmethylated cytosine, for 
15 example, bisulfite such as sodium bisulfite can be used. 

Incidentally, in principle, a reagent which specif ically modify 
only methylated cytosine can also be used. 

In order that the extracted DNA is contacted with a reagent 
20 for modifying unmethylated cytosine, for example, after the DNA 
is first denaturated in an alkaline solution (pH 9 to 14), the 
E'NA is treated with bisulfite such as sodium bisulfite 
(concentration in a solution: e.g. final concentration 3M) at 
^'5**C for around about 10 to 16 hours (overnight). Den at: ur at: Ion 
25 at 95^C and reaction at 50^C may be repeated 10 to 20 times to 
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accelerate the reaction. In this case, unmethylated cytoslne 
Ifii converted Into uracil and, on the other hand, methylated 
cytoslne Is not converted into uracil, but still remains as 
cytoslne • 

5 Then, PCR using a DNA treated with bisulfite or the like 

ass a template , and using one pair of methylatlon- specific primers , 
each select ed from a nucleot ide sequence when methylated cy t os ine 
ifs contained in the nucleotide sequence in which cytoslne at 
a position to be methylated (cytoslne in CpG) still remains as 

10 c/tosine, and unmethylated cytoslne (cytoslne not contained in 
CfpG) is converted into uracil and a nucleotide sequence 
complementary to such the nucleotide sequence (hereinafter, also 
referred to as methylatlon- specific PCR in some cases) , and PCR 
using a DNA treated with bisulfite as a template, and using one 

15 pair of unmethylation-specif ic primers, each selected from a 
nucleotide sequence when cytoslne is not methylated ( nucleotide 
sequence in which all cytosines are converted into uracil) and 
a nucleotide sequence complementary to such the nucleotide 
sequence (hereinafter, also referred to as 

20 umnethylation- specif ic PCR in some cases) are performed. 

In the aforementioned PCR, in the case of PCR using the 
in ethylation- specific primer (former), a DNA in which cytoslne 
to be analyzed is methylated is amplified and, on the other hand. 
In the case of PCR using the unmethylation- specific primer 

25 ( latter) , a DNA in which cytoslne to be analyzed is not methylated 
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Ifij amplified. By comparing amounts of these amplification 
products , the presence or the absence of methylatlon of cytoslne 
to be analyzed Is Investigated. Like this, a methylatlon 
f:::equency can be measured. 

Herein, inviewof that. In the methylatlon- specific primer , 
ci/toslne which has not undergone methylatlon Is converted Into 
uracil, and cytoslne which has undergone methylatlon is not 
converted into uracil, as primers, a PGR primer specific for 
a nucleotide sequence containing cytoslne which has undergone 
methylatlon (methylatlon-speclf Ic primer) is designed, and a 
PCR primer specif Ic for a nucleotide sequence containing cytoslne 
which has not undergone methylatlon (unmethylation- specific 
primer) is designed. Since design is performed based on a DNA 
chain which has been chemically converted by sulfite treatment 
and has become not complementary, based on respective chains 
of DNAs which were originally double^ stranded, a methylatlon 
specific primer and a unmethylation -specific primer may be also 
prepared from respective chains. In order to enhance 
specificity for methyl or non*methyl, such the primers are 
preferably designed so that primers contain cytoslne in CpG near 
a 3 '-terminal of primers. Moreover, in order to make analysis 
easy, one of primers may be labeled. 

More specifically, a primer for measuring a methylatlon 
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frequency of Flbrlll±n2 gene with methylatlon- specific PCR can 
bo designed as described above , for example , based on a nucleotide 
sequence containing one or more cytoslne(s) In CpG present In 
a nucleotide sequence In a promoter region, an untranslated 
5 region or a translated ration ( coding region ) of Flbrlllin2 gene - 
For example, design can be performed based on a nucleotide 
sequence containing one or more cytoslne(s) In CpG present In 
tilie nucleotide sequence represented by SEQ ID NO: 1, more 
specifically, cytosine(s) represented by nucleotide numbers 679, 
10 637, 690, 699, 746, 773, 777, 783, 795, 799, 812, 823, 830, 834, 
843 and the lllce In the nucleotide sequence represented by SEQ 
ID NO: 1. Examples of such the primers are shown below. 
<rjnmethylat ion- specific primer > 

Ul: 5' -TATGGGAATTTGTTGAGTTTTGT-3' (SEQ ID No: 2) 
15 U2: 5'-AACCAACAACCCCAAACA-3' (SEQ ID No: 3) 
<Methylation-speclflc prlmer> 

ML: 5'-GGGAATTCGTQ6AGTTTTGC-3' (SEQ ID No: 4) 
M2: 5'-AACCGACAACCCCGAACG-3' (SEQ ID No: 5) 

20 Examples of a reaction solution in the 

methylatlon -specific PCR Include a reaction solution obtained 
by mixing 50 ng of a DNA to be a template « each 1 ^1 of 10 pmol/|xl 
of each primer solution, 4 |xl of 2.5 mM dNTP, 2.5 ^1 of 10 x 
buffer (100 mM Trls-HCl pH 8.3, 500 mM KCl, 20 mM MgCla) , and 

25 0.2 iJil Of 5U/M.1 thermostable DNA polymerase, and adding 
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sterilized ultrapure water to an amount of 25 |xl. Examples of 
reaction conditions Include the condition under which the 
aJrorementioned reaction solution is retained at 95**C for 10 
minutes and, thereafter, 30 to 40 cycles of temperature 
maintenance is performed, each cycle being 30 seconds at SS^'C. 
t!;ien 30 seconds at 55 to 65^C and 30 seconds at 72°C» 

After such the PGR is performed, amounts of the resulting 
amplification products are compared- For example, in the case 
of an analyzing method which can compare amounts of respective 
amplification products obtained by PGR using the 
methylat ion- specific primer and PGR using the 
uiimethylat ion- specific primer (denatured polyacrylamide gel 
electrophoresis or agarose gel electrophoresis), a gel after 
electrophoresis is put on DNA-staining to detect bands of 
amplification products, and density of the detected bands are 
compared. Herein, using pre-labeled primers in place of 
DNA-staining, the density of bands may be compared using the 
label as an index* In cases where quantitative determination 
is required, amounts of the respective products may be compared 
by using Real Time PGR which is a PGR method capable of 
high- accuracy quantitation such that slight difference in gene 
dosage of about twice can be detected by real-time monitoring 
of PGR reaction product and analyzing kinetics. Methods of 
performing Real Time PGR include, for example, a method using 
a probe such as template-directed nucleic acid polymerase probe 
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and a method using an intercalator such as SYBR Green. As 
apparatus and reagents for Real Time PGR, commercially available 
apparatus and reagents can be used. 

Such the method is the method which is generally also called 
methylation- specific PGR and was reported by Herman (Herman et 
al., Froc. Natl. Acad. Sci USA, 93, 9821-9826, 1996), and this 
method utilizes a difference in the chemical property between 
cytosine and 5-methylcytosine. 

As a second method, there is a method in which, 
specimen -derived DNA is contacted with a reagent which modifies 
ufimethylated cytosine and, thereafter, using the DNA as a 
tidmplate, DNA containing cytosine to be analyzed is amplified 
by PGR and a nucleotide sequence of the resulting amplification 
product is directly analyzed. 

A DNA is first extracted from a mammal -derived specimen, 
for example, using a commercially available DNA extracting kit 
or the like. 

When blood is used as a specimen , plasma or serum is prepared 
from the blood according to the conventional method, and a free 
DNA ( including a DNA derived from cancer cells such as pancreatic 
cancer cells) contained in the prepared plasma or serum as a 
specimen is analyzed, thereby, a DNA derived from cancer cells 
such as pancreatic cancer cells can be analyzed while avoiding 



a tiemocyte-derived DNA, and a sensitivity for detecting cancer 
c€i)lls such as pancreatic cancer cells, or a tissue or the like 
C€>ntalnln9 It can be Improved, 

Then, the extracted DNA Is contacted with a reagent for 
modifying unmethylated cytosine, and using the DNA as a template , 
DMA containing cytoslne to be analyzed Is amplified by performing 
PCR using primers which are designed as described below based 
on a nucleotide sequence containing cytoslne In one or more 
nucleotide sequence{s) represented by CpG which Is present In 
a nucleotide sequence of a promoter region, untranslated region 
or a translated region (coding region) of Flbrlllln2 gene, and 
a nucleotide sequence of the resulting amplification product 
liii directly analyzed. 

Herein, examples of one or more nucleotide sequence(s) 
rt:5presented by CpG present in a nucleotide sequence of a promoter 
region, untranslated region or a translated region (coding 
region) of Plbrlllln2 gene Include a nucleotide sequence of a 
genomic DNA containing an exon 1 of human -derived Flbrillln2 
gene and a promoter region located on a 5 ' upstream side thereof, 
more specifically, the nucleotide sequence represented by SEQ 
i::) NO; 1 (corresponding to a sequence complementary to the 
nucleotide sequence represented by nucleotide numbers 118801 
to 121000 of a nucleotide sequence described in Genbank Accession 
No. AC113387) . In the nucleotide sequence represented by SBQ 
Il> NO: 1, the nucleotide sequence of the exon 1 is shown by 
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nucleotide numbers 1091 to 1345. Cytoslne in a nucleotide 
siequence represented by CpG present in the nucleotide sequence 
represented by SEQ ID NO: 1, Inter alia, cytoslne in CpG present 
In a region in which CpGs are densely present in the nucleotide 
sequence represented by SEQ ID NO: 1 shows a high methylatlon 
frequency (I.e. hypermethylatlon status) in cancer cells such 
as pancreatic cancer cells. More specifically, examples of 
cytoslne having a high methylatlon frequency in a pancreatic 
cancer cell Include cytoslnes represented by nucleotide numbers 
679,687,690,699,746,773,777. 783,795,799,812,823,830,834,843 
and the like in the nucleotide sequence of SEQ ID NO: 1. 

As a primer used in the PGR, it is better to design a pair 
of primers which can amplify a DNA having a nucleotide sequence 
containing the cytoslne, based on a nucleotide sequence of a 
5' upstream side of cytoslne to be analyzed and a nucleotide 
sequence of 3' downstream side thereof. A nucleotide sequence 
f or primer design is selected so that it does not contain cytoslne 
l::i CpG to be analyzed. And, when a nucleotide sequence selected 
for primer design does not contain cytoslne at all, a selected 
nucleotides sequence and a nucleotide sequence complementary 
to such the nucleotide sequence can be employed as they are, 
respectively, as a nucleotide sequence for a primer . In addition , 
when a nucleotide sequence selected for primer design contains 
c^rtosine other than that to be analyzed, but the cytoslne is 



not cytosine In CpG, a primer is designed in view of that these 
cytosines are converted into uracil . That is , one pair of primers , 
each having a nucleotide sequence in which all cytosines are 
converted into uracil and a nucleotide sequence complementary 
to such the nucleotide sequence is designed. Further, when a 
nucleotide sequence selected for primer design contains cytosine 
other than that to be analyzed, and the cytosine is cytosine 
in CpG, primers are designed in view of that cytosine which has 
not undergone me thylat ion is converted into uracil, and cytosine 
which has undergone methylation is not converted into uracil. 
That is , one pair of methylation specific primers , respectively, 
selected from a nucleotide sequence which contains methylated 
cytosine [a nucleotide sequence in which cytosine at a position 
to be methylated (cytosine in CpG) still remains as cytosine, 
and unmethylated cytosine (cytosine not contained in CpG) is 
converted into uracil] and a nucleotide sequence complementary 
to such the nucleotide sequence, and one pair of 
unmathylat ion -specific primers, each having a nucleotide 
sequence in which cytosine is not methylated (a nucleotide 
s<:iquence in which all cytosines are converted into uracils) and 
a nucleotide sequence complementary to such the nucleotide 
sii>quence are designed. In this case, equivalent amounts of the 
methylation- specific primer pair and the 
uzunethylation-specific primer pair are used in the 
aforementioned PGR, by mixing them. 
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As a reagent for modifying unmethylated cytosine, for 
example, bisulfite such as sodium bisulfite can be used. 
Incidentally, in principle, a reagent which specif ically modify 
only methylated cytosine can also be used. 

In order that the extracted DNA is contacted with a reagent 
for modifying unmethylated cytosine, for example, the DNA is 
first treated with bisulfite such as sodium bisulfite 
(concentration in a solution: for example, the final 
concentration 3M) at 55°C for around about 10 to 16 hours 
(overnight) in an alkaline solution (pH 9 to 14) . Denaturation 
at 95**C and reaction at 50*^0 may be repeated 10 to 20 times to 
accelerate the reaction. In this case, unmethylated cytosine 
is converted into uracil and, on the other hand, methylated 
cytosine is not converted into uracil, and still remains as 
cytosine. 

Then, PGR is performed using a DNA treated with bisulfite 
or the like as a template, and using primers which are designed 
as described above. Nucleotide sequences of the resulting 
aiaplif ication products are compared, and amethylation frequency 
Ciiin be measured by the comparison. 

More specifically, primers for measuring a methylation 
frequency of Fibrillin2 gene by direct analysis of a nucleotide 
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sequence can be designed as described above, for example, based 
on a nucleotide sequence containing one or more cytosine(s) in 
CpG present in anucleotide sequence which is in a promoter region, 
untranslated region or a translated region (coding region) of 
the Pibrillin2 gene. For example, primers can be designed to 
analyze cytosine(8) in CpG present in the nucleotide sequence 
represented by SEQ ID NO: 1, specifically, oneormore cytosine( s) 
represented by nucleotide numbers 1499, 1501, 1525, 1535, 1539, 
1555. 1566, 1569, 1595, 1599, 1606, 1619, 1621, 1626, 1647, 1650, 
1657, and 1669 in the nucleotide sequence represented by SEQ 
NO: 1. For example, by using primers Bl and B2 shown below, 
DMA (251 bp) is amplified, said DNA comprising a nucleotide 
sequence arising from bisulfite treatment of DNA which had 
comprised the nucleotide sequence represent9d by nucleotide 
numbers 1442 to 1692 in the nucleotide sequence represented by 
S:iSQ ID NO: 1 . The primer pair can be usedas primers to investigate 
miathylation frecjuency of cytosine(s) represented by nucleotide 
numbers 1499, 1501, 1525, 1535, 1539, 1555, 1566, 1569, 1595, 
1599, 1606, 1619, 1621, 1626, 1647, 1650, 1657, and 1669 in the 
nucleotide sequence represented by SEQ ID NO: 1. 
<primer> 

Biz 5* -TAGTTGGAGTTTAGAGTTGTA-3' (SEQ ID No: 6) 
B:-:: 5'-CTTCTCTAACCCCTACAAC-3' (SEQ ID No: 7) 

Examples of a reaction solution in PGR include a reaction 



liiolutlon obtained by mixing 25 ng of a DNA as a template, each 
1 pAl of four kinds of 20 pmol/^1 respective primer solutions, 
3 (il of 2 mM dNTP, 2.5 \il of 10 x buffer (100 mM Trls-HCl pH 
500 mM KCl, 20 mM MgCla) and 0.2 jxl of 5U/^1 thermostable 
UNA polymerase, and adding sterilized ultrapure water to this 
to an amount of 25 |jil. Examples of the reaction conditions 
include the condition in which the aforementioned reaction 
solution is retained at 95**C for 10 minutes and, thereafter, 
30 to 40 cycles of temperature maintenance is performed, one 
cycle being 30 seconds at SS^'C, then 30 seconds at 51°C, and 
further 30 seconds at 72**C. 

After such the PGR is performed, nucleotide sequences of 
the resulting amplification products are compared, and a 
mathylatlon freqeuncy is measured from the comparison. 

That is, by directly analyzing nucleotide sequences of 
the amplification products, whether a base at a position 
corresponding to cytosine to be analyzed is cytosine or thymine 
(uracil) is determined. By comparing an area of a peak showing 
cytosine and an area of a peak showing thymine (uracil) both 
detected at a position corresponding to cytosine to be analyzed 
in a chart of peaks showing nucleotides in the resulting 
ainpliflcatlon products, a methylatlon frequency of cytosine to 
bi:5 analyzed can be measured. Alternatively, as a method for 
directly analyzing a nucleotide sequence, after the 
aiiipllf icatlon products obtained by the PGR are once cloned using 
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Escherichia coll or the like as a host. DNAs which are cloned 
respectively Into plural clones are prepared, and nucleotide 
sequences of the DNAs may be analyzed. By obtaining a ratio 
of samples in which a base detected at a position corresponding 
t o cytosine to be analyzed is cytosine among samples to be analyzed, 
a methylation frequency of cytosine to be analyzed may be also 
measured. 

As a third method, there is a method in which, 
specimen -derived DNA is contacted with a reagent which modifies 
unimethylated cytosine and, thereafter, the DNA and a probe which 
can distinguish the presence or the absence of methylation of 
cytosine to be analyzed sure hybridized and, thus, the presence 
or the absence of binding of the probe is investigated. 

A DNA is first extracted from a mammal -derived specimen, 
for example, using a commercially available DNA extracting kit 
or the like. 

When blood is used as a specimen , plasma or serum is prepared 
from the blood according to the conventional method, and free 
DNA ( including a DNA derived from cancer cells such as pancreatic 
cancer cells and the like) contained in the prepared plasma or 
sciirum as a specimen is analyzed, whereby, a DNA derived from 
c£i.ncer cells such as pancreatic cancer cell can be analyzed while 
avoiding a hemocyte -derived DNA, and a sensitivity for detecting 
cancer cell such as pancreatic cancer cell , or a tissue containing 
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it can be Improved. 

Then, after the extracted DNA Is contacted with a reagent 
for modifying unmethylated cytoslne, the DNA and a probe which 
can distinguish the presence or the absence of methylation of 
cytosine.to be euialyzed are hybridized and, thus, the presence 
or the absence of binding of the DNA with the probe Is Investigated . 
Cytoslne to be analyzed may be selected from among cytoslnes 
la one or more. nucleotide sequence(s) represented by 5'-CG-3' 
which is present in a nucleotide sequence of a promoter region, 
a:.i untranslated region or a translated region (coding region) 
of Flbrlllln2 gene. 

Herein, examples of one or more nucleotide sequenGe(s) 
represented by CpG present In a nucleotide sequence of a promoter 
ri^gion, untranslated region or a translated region (coding 
riiiglon) of Flbrlllln2 gene Include a nucleotide sequence of a 
giDnomlc DNA containing an exon 1 of human- derived Plbrlllln2 
gene and a promoter region located on a 5 ' upstream side thereof, 
more specifically, the nucleotide sequence represented by SEQ 
ID NO: 1 (corresponding to a sequence complementary to the 
nvicleotlde sequence represented by nucleotide numbers 118801 
to 121000 of a nucleotide sequence described In GenbanK Accession 
No. AC113387). In the nucleotide sequence represented by SEQ 
ID NO 5 1, the nucleotide sequence of the exon 1 Is shown by 
nucleotide nxambers 1091 to 1345, Cytoslne in a nucleotide 
sequence represented by CpG present in the nucleotide sequence 
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represented by SEQ ID NO: 1 . inter alia, cytoslne In CpG present 
In a region in which CpGs are densely present in the nucleotide 
siequence represented by SEQ ID NO: 1 shows a high methylation 
frequency (i.e. hypermethylation status) in cancer cells such 
eis pancreatic cancer cells. More specifically, examples of 
cytosine having a high methylation frequency in a pancreatic 
cancer cell include cytosines represented by nucleotide nxanbers 
679,687,690,699,746,773,777. 783,795,799,812,823,830,834,843 
and the like in the nucleotide sequence of SEQ ID NO: 1. 

It is better to design a probe used in the hybridization 
based on a nucleotide sequence containing cytosine to be analyzed 
ill view of that cytosine which has not undergone methylation 
is converted into uracil, and cytosine which has undergone 
mijthylation is not converted into uracil. That is, a 
ma thy lation- specific probe having a nucleotide sequence when 
mii»thylated cytosine is contained [a nucleotide sequence in which 
c:irtosine at a position to be methylated (cytosine in CpG) still 
remains as cytosine, and unmethylated cytosine (cytosine not 
contained in CpG) is converted into uracil] or a nucleotide 
sequence complementary to such the nucleotide sequence, and a 
uiimethylat ion -specific probe having a nucleotide sequence when 
cytosine is not methylated (a nucleotide sequence in which all 
c^rtosines are converted into uracil) or a nucleotide sequence 
complementary to such the nucleotide sequence are designed. 
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Such the probe may be used after labeled. In order to facilitate 
analysis of the presence or the absence of binding of a DNA with 
the probe- Alternatively, a probe may be used by immobilizing 
on a carrier according to the conventional method . In this case.. 
It is better to pre-label a DNA extracted from a mammal -derived 
specimen. 

As a reagent for modifying unmethylated cytosine, 
bisulfite such as sodium bisulfite and the like can be used, 
lacldentally , in principle, a reagent which specifically modify 
only methylated cytosine can also be used. 

In order that the extracted DNA is contacted with a reagent 
for modifying unmethylated cytosine, for example, after the DNA 
la first denaturated in an alkaline solution (pH 9 to 14), the 
DliA is treated with bisulfite such as sodium bisulfite 
(concentration in a solution: e.g. final concentration 3M) at 
5!!i°C for around about 10 to 16 hours (overnight) . Denaturation 
at: 95''C and reaction at 50°C may be repeated 10 to 20 times to 
accelerate the reaction. In this case, unmethylated cytosine 
is converted into uracil and, on the other hand, methylated 
c^'tosine is not converted into uracil, but still remains as 
cytosine . 

If necessary, by performing PGR using a DNA treated with 
bisulfite or the like as a template in the same manner as the 



second method, tlie DMA may be amplified In advance. 

Then, a DMA tireated with bisulfite or the like or the DMA 
pre-ampllfied by PCR is hybridized with a probe which can 
distinguish the presence or the absence of methylatlon of 
cytosine to be analyzed. By comparing an amount of a DNA which 
binds with a methylatlon-specific probe, and an amount of a DNA 
wtiich binds with an unmethylatlon- specific probe, a methylatlon 
frequency of cytosine to be analyzed can be measured. 

More specifically, a probe for measuring a methylatlon 
fx-equency of FibrilHn2 gene can be designed as described above, 
for eicample, based on a nucleotide sequence containing one or 
more cytosine(s) in CpG present in a nucleotide sequence in a 
promoter region, an untranslated region or a translated region 
(coding region) of Flbrillin2 gene. For example, design can 
bci> performed based on a nucleotide sequence containing one or 
more cyto8ine(s) in CpG present in the nucleotide sequence 
r€!.presented by SEQ ID NO: 1, more specifically, cyto8ine(s) 
rcipresen ted by nucleotide numbers 679,687,690,699,746,773,777, 
783.795,799,812,823.830.834,843 and the like in the nucleotide 
sequence represented by SEQ ID NO : 1 . Examples of such the probe 
axe shown below. 
<Set 1> 

Unmethylatlon - specific probe : 

5'-TTGTTTTTGGAGTGTATGGGAATTTGTTGAGTTTTGT-3' (SEQ ID NO: 8) 
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Miethylatlon- specific probe: 

£.»-TCGTTTTCGGAGCGTACGGGAATTCGTCGAGTTTTGC-3' (SEQ ID NO: 9) 
<Set 2> 

Unmethylatlon- specif ic probe: 

5»-TTGGTTATGTAATGTGTATTGTTTGGGGTTGTTGGTT-3' (SEQ ID NO: 10) 
M ethylat ion- specific probe : 

5'-TCGGTTAT6TAACGTGTATCGTTCGGGGTTGTCGGTT-3' (SEQ ID NO: 11) 

Hybridization can be performed according to the 
conventional method, for example, described in Sambrook J., 
Frisch E. P.. Maniatis T., Molecular Cloning 2"* edition, 
published by Cold Spring Harbor Laboratory press, and the like. 
Hybridization is usually performed under the stringent 
conditions. Herein, examples of the "stringent conditions'' 
iiiclude the conditions under which a hybrid is formed at AS'^C 
in a solution containing 6 x SSC (a solution containing 1.5M 
NaCl and 0.15M trisodium citrate is 10 x SSC) and, thereafter, 
the hybrid is washed with 2 x SSC at SO^'C (Molecular Biology, 
John Wiley and Sons, N.Y.(1989), 6.3.1-6.3.6), and the like. 
The salt concentration in the washing step can be selected, for 
e3i:ample, from the conditions of 2 x SSC and 50*^0 (low stringency 
condition) to the conditions of 0 . 2 x SSC and 50°C (high stringency 
conditions) . A temperature in a washing step can be selected, 
fcr example, from room temperature (low stringency condition) 
to 65^*0 (high stringency condition). Alternatively, both of 
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the salt concentration and temperature may be changed. 

After such the hybridization Is performed, a methylatlon 
frequency of cytoslne to be analyzed (l»g. cytoslne In CpG 
contained In a nucleotide sequence which Is a basis for probe 
design) can be measured by comparing an amount of a DNA which 
blnded with a methylatlon- specific probe, and an amount of a 
DNA which blnded with an unmethylat Ion -specific probe. 

As a fourth method, there Is a method In which, 
specimen -derived DNA is reacted with a restriction enzyme which 
can distinguish the presence or the absence of methylatlon of 
cytoslne to be analyzed and, thereafter, the presence or the 
absence of digestion with the restriction enzyme is investigated . 

A DNA is first extracted from a mammal -derived specimen, 
f or example, using a commercially available DNA extracting kit 
or the like. 

When blood Is used as a specimen , plasma or serum is prepared 
from the blood according to the conventional method, and free 
DNA ( including a DNA derived from cancer cells such as pancreatic 
cancer cells and the like) contained in the prepared plasma or 
SHdrum as a specimen is analyzed, whereby, a DNA derived from 
csuicer cells such as pancreatic cancer cell can be analyzed while 
avoiding a hemocyte- derived DNA, and a sensitivity for detecting 
ciincer cell such as pancreatic cancer cell , or a tissue containing 
it can be improved. 
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Tlien, the extracted DNA is reacted with a restriction 
enzyme which can distinguish the presence or the absence of 
methylation of cytosine to be analyzed and, thereafter, the 
presence or the absence of digestion with the restriction enzyme 
i!j investigated. Cytosine to be analyzed may be selected from 
among cytosines in one or more nucleotide sequence ( s ) represented 
by 5 ' -CG-3 ' which is present in a nucleotide sequence of a promoter 
region, an untranslated region or a translated region (coding 
religion) of Fibrillin2 gene. 

Herein, examples of one or more nucleotide sequence(s) 
represented by Cp6 present in a nucleotide sequence of a promoter 
r«i)gion, untranslated region or a translated region (coding 
region) of Fibrillin2 gene include a nucleotide sequence of a 
genomic DNA containing an exon 1 of human- derived Fibrillin2 
gone and a promoter region located on a 5 ' upstream side thereof , 
more specifically, the nucleotide sequence represented by SEQ 
Il> NO: 1 (corresponding to a sequence complementary to the 
nucleotide sequence represented by nucleotide numbers 118801 
to 121000 of a nucleotide sequence described in Genbank Accession 
No. AC113387). In the nucleotide sequence represented by SEQ 
ID NO: 1, the nucleotide sequence of the exon 1 is shown by 
nucleotide numbers 1091 to 1345. Cytosine in a nucleotide 
sequence represented by CpG present in the nucleotide sequence 
represented by SEQ ID NO: 1 , inter alia, cytosine in CpG present 
in a region in which CpGs are densely present in the nucleotide 
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s>!^guence represented by SEQ ID NO: 1 shows a high methylatlon 
frequency (i.e. hypermethylatlon status) ±n cancer cells such 
an pancreatic cancer cells* More specifically, examples of 
cytosine having a high methylation frequency in a pancreatic 
5 c<:incer cell include cytosines represented by nucleotide numbers 
679,687,690,699,746.773,777. 783,795,799,812,823,830.834,843 
arid the like in the nucleotide sequence of SEQ ID NO: 1. 

The "restriction enzyme which can distinguish the presence 
10 or the absence of methylation of cytosine* (hereinafter, referred 
to as methylation-sensitive restriction enzyme in some cases) 
usjed in the method means a restriction enzyme which does not 
digest a recognition sequence containing methylated cytosine, 
and can digest a recognition sequence containing unmethylated 
15 cytosine. In the case of a DMA in which cytosine contained in 
a recognition sequence is methylated, the DNA is not cut even 
when a methylation- sensitive restriction enzyme is acted thereon 
and, on the other hand, in the case of a DNA in which cytosine 
contained in a recognition sequence is not methylated, th6 DNA 
20 is cut when a methylation-sensitive restriction enzyme is acted 
thereon. Examples of the methylation-sensitive enzyme Include 
Hpall, BstUI, Narl, SacII and the like. 

Examples of a method for investigating the presence or 
25 the absence of digestion with the restriction enzyme include 
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a method for Investigating the presence or the absence of 
ainpllflcatlon of a DNA (amplification product) by performing 
PCR, using as a template a DNA that was reacted with a restriction 
enzyme recognition sequence of which contains cytoslne to be 
analyzed, and using a primer pair which can amplify a DNA 
containing recognition sequence that contains cytoslne to be 
analyzed and not containing a recognition sequence for the 
restriction enzyme in addition to that recognition sequence. 
When cytoslne to be analyzed Is methylated, an amplification 
product Is obtained. On the other hand, when cytoslne to be 
analyzed Is not methylated, an amplification product Is not 
obtained. Like this, by comparing with an amount of the amplified 
DNA, a methylatlon frequency of cytoslne to be analyzed can be 
measured. In cases where quantitative determination Is 
required, amounts of the respective products may be compared 
by using Real Time PGR which Is a PGR method capable of 
high- accuracy quantitation such that slight difference In gene 
dosage of about twice can be detected by real-time monitoring 
of PGR reaction product and analyzing kinetics- Methods of 
performing Real Time PGR Include, for example, a method using 
a probe such as template -directed nucleic acid polymerase probe 
and a method using an Intercalator such as SYBR Green. As 
apparatus and reagents for Real Time PGR, commercially available 
apparatus and reagents can be used. 

For example, in the case of cytoslne represented by the 
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nucleotide number 42, 889 or 1083 In the nucleotide sequence 
n^presented by SBQ ID NO; 1, the cytoslne Is contained in a 
ri^cognltion sequence for Narl, and a methylation frequency of 
t:iie cytoslne can be measured by the aforementioned method. 

5 

Further, examples of other method for investigating the 
presence or the absence of digestion of the restriction enzyme 
include a method in which Southern hybridization is perfoicmed 
oa a DNA which contains cytoslne to be analyzed in a recognition 

10 sequence and has been reacted with a methylation-sensitlve 
rii^strlctlon enzyme, using, as a probe, a DNA which is derived 
from Flbrlllln2 gene euid does not contain a recognition sequence 
for the restriction enzyme « and a length of the hybridized DNA 
iH investigated. When cytoslne to be analyzed is methylated, 

15 a longer DNA is detected, as compared with the case where the 
c^i^osine is not methylated. By comparing an amount of the 
detected longer DNA and an amount of the shorter DNA, amethylatlon 
f3::equency of cytoslne to be analyzed can be measured. 

20 Using the aforementioned various methods, a methylation 

fx*equency of Fibrillin2 gene contained in a mammal -derived 
specimen Is measured. By comparing the measured methylation 
frequency, and for example a methylation frequency (control) 
of Flbrillin2 gene contained in aheal thy mammal-derived specimen 

25 which can be diagnosed not to have cancer cells such as pancreatic 
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ciwcer cells, a cancerous state of the specimen ±s determined 
biased on a difference obtained by the comparison. If a 
mathylation frequency of Fibrlllln2 gene contained in a 
miunmal-derived specimen is higher as compared with a control 
5 ( if Fibrillln2 gene is in a hypermethylation status as compared 
with a control), it can be determined that a cancerous state 
of the specimen is higher as compared with a control. 

Herein, the ''cancerous state' has the same meaning as that 
g>!merally used in the art, specifically, for example, the 
10 cancerous state means a malignancy of the cell when a 

m.:unmal' derived specimen is a cell, and means an amount of C£mcer 
C'^lls existing in the tissue when a mammal -derived specimen is 
a tissue. 

Expression of Fibrillin2 gene is lower in cancer cells 
15 such as pancreatic cancer cells than in a specimen such as a 
cell and a tissue derived from a healthy mammal. Since a 
methylation frequency of the gene is higher in cancer cells such 
a!» pancreatic cancer cells , the gene can not be normally expressed 
ai'id, as a result, an amount of an expression product of the^ene 
20 (more specifically, an amount of a transcription product or an 
amount of a translation product) is decreased. Like this, the 
present assessing method and the like, in place of a methylation 
frequency, an index value having the correlation therewith (in 
the above case, the value is an amount of an expression product 
25 and an index value having the negative correlation) may be 
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measured . 

That Is , In the present assessing method , a cancerous state 
of a specimen can be determined based on a difference obtained 
by measuring an Index value (e.g. an amount of an expression 
product) having the correlation with a methylatlon frequency 
o:: Flbrlllln2 gene contained In a mammal -derived specimen, and 
comparing the measured Index value (e.g. an amount of an 
expression product) having the correlation with the 
a:l:orementloned methylatlon frequency with a control* 

Examples of a method for measuring an Index value having 
the correlation with an methylatlon frequency of Flbrlllln2 gene 
contained In a mammal -derived specimen In the first step of the 
present assessing method Include amethod for measuring an amount 
ol' a mRNA which Is a transcription product of Flbrlllln2 gene. 
For the measurement, the known methods such as a RT-PCR method, 
aNorthernblottlngmethod [Molecular cloning. Cold Spring Harbor 
Laboratory ( 1989) ] , an In situ RT-PCR method [Nucleic acids Res . , 
21, 3159,3166(1993)1, an In situ hybridization method, and a 
NASBAmethod [Nucleic acid sequence-based amplification, nature, 
3!:i0, 91-92 (1991)] may be used* 

A sample containing a mRNA which Is a transcription product 
of Flbrlllln2 gene which Is contained In a mammal -derived 
specimen may be prepared from the specimen by extraction, 
purification or the like according to the conventional method. 
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When the Northern blotting method Is used for measuring 
an amount of a mRNA contained In the prepared sample , It Is enough 
that a detecting probe contains Plbrlllin2 gene or a part thereof 
(around about 100 bp to about 1000 bp oligonucleotides obtained 
5 by cutting Flbrlllln2 gene with a restriction enzyme, or 

chemically synthesizing them based on a nucleotide sequence of 
Fibrlllln2 gene), and Is not particularly limited as far as It 
imparts specificity which can be detected under the detecting 
conditions used in hybridization with a mRNA contained in the 
10 s.!imple« 

When the RT-PCR method Is used for measuring an amount 
oii: a mRNA contained in the prepared sample, it Is enough that 
a primer used can specifically amplify only Fibrillin2 gene, 
aKid a region to be amplified and a number of nucleotides are 

15 not particularly limited. Examples of such the primer Include 
primers (S: sense. A: antlsense) and the like shown below. Using 
these primers, an amount of a transcription product may be also 
m<;)asured by the RT-PCR method as shown in Examples later. In 
cases where quantitative determination is required, amounts of 

20 the respective products may be compared by using Real Time PGR 
which is a PGR method capable of high- accuracy quantitation such 
that slight difference in gene dosage of about twice can be 
detected by real-time monitoring of PGR reaction product and 
analyzing kinetics . Methods of perf ozming Real Time PGR include , 

25 for example, a method using a probe such as template*dlrected 
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naclelG acid polymerase probe and a method using an Intercalator 
such as SYBR Green. As apparatus and reagents for Real Time 
PCR, commercially available apparatus and reagents can be used. 
S: 5' -GGCGAGGACAGCA6GAC-3' (SEQ ID NO: 12) 
5 A; 5'-TGATATTTGCCCACTGGAACA-3' (SEQ ID NO: 13) 

Examples of other method for measuring an index value 
having the correlation with amethylat ion frequency of Fibrillin2 
giidne which is contained in a mammal -derived specimen in the first 

10 step of the present assessing method include a method for 
measuring an amount of an Fibrillin2 protein which is a 
translation product of Fibrillin2 gene. For the measurement, 
the known methods such as an immunoblotting method, a separating 
m«:3thod by immunoprecipitatlon, and an Indirect competitive 

15 inhibiting method (ELISA method) described in Cell Technology 
H£indbook, Yodosha, 207(1992), and the like, using a specific 
antibody (monoclonal antibody, polyclonal antibody) against a 
F.i.brillin2 protein may be used. 

Incidentally, a specific antibody against a Fibrillin2 

20 pxrotein can be prepared according to the conventional 

inmiunological method using the protein as an immune antigen. 

Using the aforementioned various methods, an index value 
heiving the correlation with amethylat ion frequency of Flbrillin2 
25 gene contained in a mammal -derived specimen is measured. By 
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comparing an index value having the correlation with the measured 
methylat Ion frequency, for example with an Index value (control) 
having the correlation with the methylatlon frequency of the 
F:.brillln2 gene contained in a healthy mammal -derived specimen 
5 which can be diagnosed not to have cancer cells such as pancreatic 
c£mcer cells, based on a difference obtained by the comparison, 
a cancerous state of the specimen is determined. If an index 
value having the positive correlation with a methylatlon 
frequency of Fibrillin2 gene contained in a mammal -derived 

10 specimen is higher as compared with a control, or if an index 
value having the negative correlation therewith is lower as 
compared with the control (if Fibrillln2 gene is in a 
h3j'permethylation status as compared with a control) , it can be 
determined that a cancerous state of the specimen is higher as 

15 compared with a control. 

A primer, a probe and a specific antibody which can be 
used in various methods for measuring a methylatlon frequency 
of Fibrlllln2 gene or an index value having the correlation 

20 therewith in the present assessing method are useful as a reagent 
of a kit for detecting cancer cells such as pancreatic cancer 
cells. The present invention also provides a kit for detecting 
csncer cells such as pancreatic cancer cells which contains these 
primer, probe or specific antibody as a reagent, and a chip for 

25 detecting cancer cells such as pancreatic cancer cells which 
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comprises the primer, the probe, the specific antibody or the 
like Immobilized on a carrier, and the right scope of the present 
assessing method Includes use In a form of the aforementioned 
diatecting kit and detecting chip utilizing substantial principle 
of the method. 

Expression of the gene is lower in cancer cells such as 
p^uicreatic cancer cells than in a specimen such as a cell and 
a tissue derived from a healthy mammal. On the other hand, as 
also shown in Examples later, by acting a substance inhibiting 
DWA methylation relating to Fibrlllln2 gene on a cancer cell 
such as a pancreatic caner cell and the like, an amount of an 
e.icpression product of the gene can be increased* This means 
that a substance which can compensate reduction in an expression 
level of Fibrlllln2 gene in cancer cells such as pancreatic cancer 
cells or function reduction accompanied therewith-for example, 
Plbrlllin2 gene unmethylated (or in which methylation 
abnormality as recognized in cancer has not occurred) , an 
e:qpression product of the gene, a substance having the abifity 
oil promoting the expression of the gene (e.g. substance which 
inhibits DNAmethylat Ion relating to Fibrlllln2 gene , a substance 
which reduces a methylation frequency of Fibrlllln2 gene) and 
the like are useful in treating a cancer such as a pancreatic 
ceincer and the like , and inhibiting canceratlon of a normal tissue 
svich as pancreatic tissue. 
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For example, canceratlon would be Inhibited by 
administering a substance which reduces a methylatlon frequency 
of Flbrlllln2 gene to cells In a body of a mammal which can be 
diagnosed to be cancer. Further, for example, cancer cells such 
aw pancreatic cancer cells is provided with a substance which 
inhibits DNA methylatlon relating to Fibrlllin2 gene, whereby, 
cytosine in CpG present in a nucleotide sequence in a promoter 
region or a coding region of Fibrillin 2 gene would be in a 
h:,rpome thy latlon status like a normal tissue, an expression amount 
of a mRNA which is a transcription product of Fibrillin2 gene 
would be Increase and, consequently, an expression amount of 
a :?lbrillin2 protein which is a translation product of Plbrillin2 
gene could be Increased. Further, for example, by introducing 
into cancer cells such as pancreatic cancer cells Flbrlllin2 
gcime or a cDNA comprising a nucleotide sequence encoding an amino 
acid sequence of a Fibrillln2 protein, an expression amount of 
a Fibrillin2 protein and the like in cancer cells such as 
psLHcreatic cancer cells could be increased. 

That is, the present Invention also provides (1) an 
anti-cancer agent , which comprises a substance having the ability 
of promoting the expression of Fibrillin2 gene as an active 
ingredient, wherein the active ingredient is formulated into 
a pharmaceutically acceptable carrier, and (2) an anti-cancer 
agent , which comprises a nucleic acid consisting of a nucleotide 
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8€»guence encoding an amino acid sequence of Flbrlllln2 gene as 
an active Ingredient , wherein the active Ingredient Is formulated 
Into a pharmaceutlcally acceptable carrier (hereinafter, 
collectively referred to as the present anti-cancer agent in 
some cases ) . 

A dosage form of the present anti-cancer agent Is not 
particularly limited as far as It Is a conventional preparation, 
and such the preparation can be prepared, for example by 
Incorporating an active Ingredient Into a pharmaceutlcally 
acceptable carrier such as a water-soluble solvent, a 
non -water -soluble solvent, a buffer, a solublllzer, an Isotonic 
agent, and a stabilizer. If necessary, a supplementing agent 
svich as an antiseptic, a suspending agent, and an emulsifying 
acrent may be added. In addition , when administered parenterally 
(generally, preferably by an Injection and the like), the 
ar:.tl-cancer agent can be used In the form of a conventional liquid 
preparation such as a solution and the like* 

An effective amount of the present anti-cancer agent can 
be administered parenterally to mammals such as a human being 
(e.g. a cell In a body of a mammal which can be diagnosed to 
be cancer) . Examples of a method for parenterally administering 
the agent Include an Injection (subcutaneously. Intravenously, 
and locally) and the like. 

A dose Is different depending on age, sex and weight of 
a mammal to be administered, a degree of disease, a kind and 
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an administration form of the present anti-cancer agent and the 
like and, usually, an active Ingredient may be administered at 
an amount resulting In an Intracellular level equivalent to such 
the concentration level that an active Ingredient works 
effectively in a patient cell . Furthermore , the aforementioned 
dose per day can be administered once or by dividing Into a few 
times. 

Herein, examples of a method for introducing a nucleic 
acid comprising a nucleotide sequence encoding an amino acid 
sequence of Flbrlllln2 into a cell Include a gene introducing 
method utilizing a virus vector, a gene Introducing method 
utilizing a non-virus vector (Nikkei Science, 1994, April, p 
20-45, Experimental Medicine, Extra Edition, 12(15) (1994), 
Experimental Medicine Separate Volume "Fundamental Technique 
of Gene Therapy", Yodosha (1996)) and the like. 

Examples of the former gene introducing method Include 
a method for introducing the gene by Incorporating a DNA encoding 
TK4 or mutant TR4 into DNA virus or RNA virus such as retrovirus , 
adenovirus, adeno-assoclated virus, herpesvirus, vacciniavirus , 
poxvirus, poliovirus, clnbisvirus and the like. In addition, 
examples of the gene introducing method utilizing a non -virus 
vector Include a method for administering an expression plasmid 
directly Into muscle (DNA vaccine method) , a liposome method, 
a lipofectine method, a microinjection method, a calcium 



pliosphate method, an electroporatlon method and the like. 

In addition , examples of a method utilizing a nucleic acid 
comprising a nucleotide sequence encoding an amino acid sequence 
o:: Fibrillin2 as an active ingredient of a gene therapeutic as 
a:ii anti-cancer agent include an in vivo method for introducing 
the nucleic acid directly into a body, an ex vivo method for 
taking out a particular cell of a human, introducing the nucleic 
acid into the cell outside a body, and returning the cell into 
a body (Nikkei Science, 1994, April, p 20-45, Monthly 
Pharmaceutical Affairs, 36(1), 23-48 (1994), Experimental 
Medicine, Extra Edition, 12(15){1994) ) and the like. 

In the case of the former in vivo method, a nucleic acid 
comprising a nucleotide sequence encoding an amino acid sequence 
od: Fibrillin2 can be administered via a suitable administration 
route depending on disease , sirmptom and the like . For example , 
the DMA can be administered to a pancreatic cancer cell, or 
intravenously, intraarterially, subcutaneously, intradermally 
or intramuscularly by an injection, 

A dosage form of the gene therapeutic agent as an 
anti-cancer agent may be a suspension, or a liposome preparation 
such as a frozen agent, a centrifugation concentration frozen 
agent and the like in addition to an injectable. Such the 
px eparatlon can be prepared by incorporating the gene ( Including 
a form of the gene of a vector type or a virus type, or a plasmid 
tjpe) into a pharmaceutically acceptable carrier such as a 



46 



water-soluble solvent, a non-water- soluble solvent, a buffer, 
a solublllzer , an Isotonic agent , and a stabilizer . If necessary , 
a supplementing agent such as an antiseptic , a suspending agent , 
an emulsifying agent may be added. In addition, when 
parenterally administered (generally, preferably by an 
Injection or the like), the anti-cancer agent can be used In 
the form of a conventional liquid preparation such as a solution 
and the like. 

The present searching method Is a method for seuchlng 
a substance having the ability of promoting the expression of 
F::-brlllln2 gene, and has (1) a first step of bringing a test 
substance Into contact with a cancer cell, (2) a second step 
o:l: measuring an amount of an expression product of Fibrillln2 
gene contained In the cancer cell after the first step (1) , and 
(3) a third step of determining the ability of promoting the 
expression of Flbrlllln2 gene possessed by the test substance 
based on a difference obtained by comparing the measued amount 
of an expression product with a control. 

A cancer cell In the first step of the present searching 
mckthod Is not particularly limited, and may be a cancer cell 
separated from a mammal -derived cancer tissue, or a 
mammal -derived cancer cell line which Is established as a cell 
line . Examples of the mammal Include hximan being , monkey , mouse , 
rut, hamster and the like. Preferable examples of the cancer 
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Include a pancreatic cancer and the like. Specifically, 
einbodlments thereof Include the known human -derived pancreatic 
cancer cell line such as BXPc3, HPAF-II, Capan-2, MlaPaCa-2, 
H«766T, PANC-1, HPAC (all available from ATCC). 

An amount of a cancer cell for bringing a test substance 
into contact with a cancer cell In the first step of the present 
s<i»archlng method is usually about 10* to 10® cells, preferably 
about 10^ to lO' cells. The concentration of a test substance 
isi usually about 0,lng/ml to about 100 M-g/ml, preferably about 
Ing/ml to about 50 [ig/ml, A time period for bringing a test 
substance into contact with a cancer cell is usually 1 hour to 
aground 5 days , preferably a few hours to around 2 days . A number 
od: times for bringing a test substance into contact with a cancer 
cell may be once or plural times. 

The environment under which a test substance is contacted 
with a C2mcer cell is preferably the environment under which 
v:!.tal activity of a cancer cell is maintained, for example, the 
environment under which the energy source of the cancer cell 
coexists - ' Specifically, it is advantageous that the first step 
isii performed in a medium. 

For measuring an amount of an expression product of 
Flbrillin2 gene contained in a cancer cell in the second step 
of the present searching method, the amount may be measured 
accor-ding to the aforementioned "method for measuring an index 
value having the correlation with a methylation frequency of 
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Flbrlllln2 gene contained iii a mammal -deprived specimen In the 
first step of the present assessing method" and the like. 

For determining the ability of promoting the expression 
of Flbrlllln2 gene possessed by a test substance based on a 
dd.fference obtained by comparing an amount of an expression 
product measured in the second step of the present searching 
method with a control , as described above , the measured amount 
03l: an expression product Is compared, for example, with an amount 
(control) of an expression product of Flbrillln2 gene when the 
concentration of a test substance for bringing a test substance 
Into contact with a cancer cell In the first step of the present 
s^isarchlng method Is zero (that Is, when a test substance Is not 
contacted with a cancer cell) , whereby, the ability of promoting 
the expression of Flbrlllin2 gene possessed by a test substance 
±B determined based on a difference obtained by the comparison. 
If an amount of an expression product of Flbrlllln2 gene contained 
in a cancer cell which has been contacted with a test substance 
is higher when compared with a control (in this case, an amount 
oi: an expression product of Fibrlllln2 gene contained in a cancer 
cell which has not been contacted with a test substance), it 
c£in be determined that the test substance has the ability of 
promoting the expression of Flbrlllln2 gene* Of course, as a 
control, an amount of an expression product of Fibrlllin2 gene 
when other test substance is contacted with a cancer cell may 
be used and, in this case. It is preferable that the ability 
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oi: promoting expression for Flbrlllln2 gene possessed by the 
other test substance Is known In advance. 

Like this. It Is possible to search a substance having 
the ability of promoting the expression of Fibrlllln2 gene. In 
5 addition , It Is preferable that an amount of an expression product 
of Flbrlllin2 gene contained In a specimen derived from a normal 
cell line such as a normal gastric cell line , or a healthy mammal 
which can be diagnosed not to have cancer cells such as pancreatic 
ccincer cells Is measured as a background or a control In both 
10 of the case where a test substance Is contacted and the case 
where a test substance Is not contacted. 

EU-UVMPLES 

The present Invention will be explained In detail below 
15 1>Y way of Examples, but the present Invention Is not limited 
by them. 

Example 1 (Test of confirming methylatlon status of Flbrlllin2 
gene In pancreatic cancer cell line) 

20 Seven kinds of human-derived pancreatic cancer cell lines 

[BXPC3, HPAF-II, Capan-2, MlaPaCa-2, Hs766T, PANC-1 and HPAC 
(all obtained from ATCC)] were cultured to sub-confluent in a 
medium exclusively used for each cell line described In catalogs 
of ATCC (American Type Culture Collection) , and thereafter about 

25 1 :< 10^ cells were collected, respectively . Two kinds of Immortal 
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(normal) pancreatic ductal epithelial cells (HPDB-4/E6E7 and 
HPDE6-E6E7C7) [these are maintained and managed by Dr. Tsao 
( Ontario Cancer Institute and Department of Pathology, Unversity 
of Toronto) and available from the researcher] were cultured 
5 to sub-confluent In Keratlnocyt^^SFM, liquid medium 

( Invltrogen ) containing 50 U/ml of penicillin and 50 |xg/ml of 
st.reptomycin , and thereafter about 1 x 10^ cells were collected, 
respectively. lO-Fold volume of a SEDTA buffer [10 mM Tris/HCl 
(pH 8.0), 10 mM EDTA (pH 6.0), 100 mM NaCl] was added to the 

10 collected cells, and this was homogenized. To the resulting 
m:Lxture were added proteinase K (Sigma) of 200 M-g/ml and sodium 
dodecylsulf ate of the amount to give a concentration of 1% (w/v) , 
and this was shaken at SS^'C for about 16 hours . After completion 
o'Jr. shaking, the mixture was treated by phenol [saturated with 

15 IM Tris /HCl ( pH 8 . 0 ) ] - chloroform extraction . The aqueous layer 
was recovered, and NaCl was added thereto to give a concentration 
o:i: 0.5N, and this was ethanol- precipitated to recover the 
precipitates. The recovered precipitates were dissolved in a 
TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0), and RNase A (Sigma) 

20 was added thereto to give a concentration of 40 (ig/ml, followed 
by incubation at 37^C for 1 hour. The incubated mixture was 
treated by phenol -chloroform extraction . The aqueous layer was 
recovered, NaCl was added thereto to give a concentration of 
0 . 5N, and this was ethanol- precipitated to recover precipitates 

25 (genomic DNA) . The recovered precipitates were rinsed with 70% 
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ethanol to obtain a genomic DNA. 

The resulting genomic DNA was digested with restriction 
enzyme BamHI and thereafter treated with sodium bisulfite 
according to the method described in Clark et al . , Nucl . Acids . 
5 Res., 22, 2990-2997, 1994; Herman et al,. Pro. Natl. Acad. Sci. 
USA, 93, 9821-9826, 1996. That is, the genomic DNA (0.2-1 |ig) 
after the restriction-enzyme treatment was dissolved in 
distilled water to prepare 20 |il of a genomic DNA solution, about 
2 ^1 of 6M sodium hydroxide was added thereto and, thereafter, 

10 the mixture was incubated at 37°C for 15 minutes . To the mixture 
were added 0.6 mM hydroquinone (Sigma) .to give a concentration 
of 0,5 mM and sodium bisulfite (Sigma) to give a concentration 
of 3.1 M, and this was incubated with 15 cycles of temperature 
maintenance, each cycle being 30 seconds at 95''C , then 15 minutes 

15 at 50^C. A DNA was purified from the incubated solution using 
Wizard DNA clean up system (Promega) . The purified DNA was 
dissolved in 50 \il of a TE buffer, and soditim hydroxide was added 
thereto to give a concentration of 0 . 3 M, thereafter, the mixture 
was allowed to stand at room temperature for 5 minutes . Then , 

20 the stood mixture was ethanol-precipitated to recover 

precipitates (DNA) . The recovered precipitates were suspended 
in 20 |il of a TE buffer. 

The resulting DNA was used as a template and PCR was 
25 performed using unmethylation- specif ic primers Ul and U2, or 
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methylatlon- specific primers Ml and M2 shown below. When 
uomethylatlon- specific primers Ul and U2 are used, a 171 bp DNA 
Is amplified, said DNA comprising a nucleotide sequence arising 
from bisulfite treatment of DNA which had comprised the 
nucleotide sequence represented by nucleotide numbers 677 to 
8 47 in the nucleotide sequence represented by SEQ ID NO : 1 . While 
wlien methylatlon- specific primers Ml and M2 are used, a 168 bp 
DNA is amplified, said DNA comprising a nucleotide sequence 
arising from bisulfite treatment of DNA which had comprised the 
nucleotide sequence represented by nucleotide numbers 680 to 
817 in the nucleotide sequence represented by SEQ ID NO: 1. 
<Unmethylation- specific primer > 

U:L: 5'-TATGGGAATTTGTTGAGTTTTGT-3' (SEQ ID No: 2) 
U:>: 5'-AACCAACAACCCCAAACA-3' (SEQ ID No: 3) 
<Methylat ion- specific primer> 

M::: 5' -GGGAATTCGTCGAGTTTTGC-3' (SEQ ID No: 4) 
M2: 5' -AACCGACAACCCCGAACG-3' (SEQ ID No: 5) 

To verify specificity of the unmethylatlon-specif ic 
primer and methylation- specific primer, genomic DNA (DNAl) was 
first extracted from immortal (normal) pancreatic ductal 
epithelial cell (HPDE.4/E6E7) by a conventional method, and part 
of the DNA was treated with methylase SssI (NEB) to methylate 
all 5 » -CG-3 * ( s ) contained in the genomic DNA ( DNA2 ) . Regarding 
the DNAl and DNA2, unmethylat ion -specific PGR and 



53 



mathylation- specific PGR were performed. 

A reaction solution for PGR was used which was obtained 
by mixing 25 ng of a DNA as a template, each 1 fxl of 20 pmol/>il 
aforementioned primer solutions, 2,5 jil of 2 mM dNTP, 2.5 fil 
of 10 X buffer (100 mL Tris-HGl pH 8.3, 500 mM KCl, 20 mM MgGlj) 
and 0.2 ^l of a 5U/^l thermostable DNA polymerase, and adding 
s-ierlllzed ultrapure water thereto to an amount of solution of 
2 5 ill. When the aforementioned unmethylatlon- specific primer 
was used, PGR was performed at the conditions under which the 
reaction solution was retained at 95°G for 10 minutes, and 32 
cycles of temperature maintenance were performed, each cycle 
was 30 seconds at 95'*C, 30 seconds at 59^G and 30 seconds at 
72**C. In addition, when the aforementioned 

m€5thylat ion -specific primer was used, PGR was performed at the 
conditions under which the reaction solution was retained at 
95**G for 10 minutes, and 32 cycles of temperature maintenance 
wore performed, each cycle was 30 seconds at 95°C, 30 seconds 
at 62*'G and 30 seconds at 72*'C . In any case , after PGR was performed , 
a reaction solution of PGR containing the amplification product 
was subjected to 2% agarose gel electrophoresis. 

Results are shown in Figure 1 . In the case of human-derived 
iirmortal (normal) pancreatic ductal epithelial cell lines 
(KPDE-4/B6E7 and HPDE6-E6E7c7 ) , when an unmethylatlon- specif Ic 
primerwas used { lane U) , abandof the amplified DNA was recognized. 
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a:.id when a methylatlon- specific primer was used (lane M) , a band 
of the amplified DNA was not detected. Therefore, In the case 
of human-derived liranortal ( normal ) pancreatic ductal epithelial 
CI311 lines (HPDE-4/E6E7 and HPDE6-E6E7c7) , It was determined 
that at least cytoslnes represented by nucleotide numbers 679, 
6137, 690, 699, 830, 834 and 843, respectively, of the nucleotide 
sequence represented by SEQ ID NO: 1 were not methylated. 

On the other hand, in the case of seven kinds of pancreatic 
cancer cell lines (BXPc3, HPAP-II, Capan-2, MiaPaCa-2, Hs766T, 
PJVNC-l andHPAC) , when an unmethylatlon- specif Ic primer was used 
(lane U) , a band of the amplified DNA was not detected, and when 
a methylation-specif ic primer was used (lane M) , a band of a 
DNA was recognized. Therefore, under that condition, it was 
determined that cytoslnes represented by nucleotide numbers 687 , 
690, 699, 830, 834 and 843, respectively, of the nucleotide 
sequence represented by SEQ ID NO: 1 were methylated. 

Eirample 2 (Test of confirming methylation status of Fibrillin2 
gene in pancreatic cancer tissues) 

To each of 12 specimens (Case 1 to Case 12) of pancreatic 
cancer tissues and the surrounding pancreatic normal tissues 
(obtained from patients with their informed consent) , 10-Fold 
volume of a SEDTA buffer [10 mM Tris/HCl (pH 8.0), 10 mM EDTA 
(pH 8.0) , 100 mM NaCl] was added, and this was homogenized. To 
the resulting mixture were added proteinase K (Sigma) of 200 
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M-g/ml and sodium dodecylsulf ate of the amount to give a 
concentration of 1% (w/v) « and this was shaken at Bb^C for about 
16 hours. After completion of shaking, the mixture was treated 
by phenol [saturated with IM Tris/HCl (pH 8.0)1- chloroform 
5 extraction. The aqueous layer was recovered « and NaCl was added 
thereto to give a concentration of 0.5N, and this was 
ethanol-preclpltated to recover the precipitates. The 
recovered precipitates were dissolved In a TB buffer ( 10 mM Trls , 

1 mM EDTA« pH 8.0), and RNase A (Sigma) was added thereto to 
10 give a concentration of 40 (ig/ml, followed by Incubation at ST^'C 

for 1 hour. The Incubated mixture was treated by 
phenol-chloroform extraction . The aqueous layer was recovered , 
NaCl was added thereto to give a concentration of 0.5N, and this 
was ethanol-preclpltated to recover precipitates ( genomic DNA) . 

15 TJie recovered precipitates were rinsed with 70% ethanol to obtain 
a genomic DNA. 

The resulting genomic DNA was digested with restriction 
enzyme BamHI and thereafter treated with sodium bisulfite 
according to the method described in Clark et al. , Nucl. Acids. 

20 Ros., 22, 2990-2997, 1994; Herman et al. , Pro. Natl. Acad. Scl. 
USA, 93, 9821-9826, 1996. That is, the genomic DNA (0.2-1 ^g) 
after the restriction-enzyme treatment was dissolved in 
distilled water to prepare 20 |il of a genomic DNA solution , about 

2 ^l of 6M sodiiim hydroxide was added thereto and, thereafter, 
25 the mixture was incubated at 37''C for 15 minutes . To the mixture 
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were added 0.6 mM hydroqulnone (Sigma) to g±ve a concentration 
of 0*5 iiiM and sodium bisulfite (Sigma) to give a concentration 
of 3.1 M, and this was Incubated with 15 cycles of temperature 
maintenance, each cycle being 30 seconds at 9 5^C, then 15 minutes 
5 at 50°C. A DNA was purified from the Incubated solution using 
Wizard DNA clean up system (Promega) . The purified DNA was 
dissolved In 50 m.1 of a TE buffer, and sodium hydroxide was added 
thereto to give a concentration of 0 . 3 M, thereafter , the mixture 
was allowed to stand at room temperature for 5 minutes. Then, 
10 the stood mixture was ethanol-preclpltated to recover 

psreclpltates (DNA) . The recovered precipitates were suspended 
In 20 ^l of a TE buffer. 

The resulting DNA was used as a template and PCR was 
15 performed using unmethylatlon- specific primers Ul and U2, or 
methylation-speclflc primers Ml and M2 shown below. When 
ujunethylat Ion- specific primers Ul and U2 are used, a 171 bp DNA 
l£s amplified, said DNA comprising a nucleotide sequence arising 
from bisulfite treatment of DNA which had comprised the 
20 nucleotide sequence represented by nucleotide numbers 677 to 
84.7 In the nucleotide sequence represented by SEQ ID NO : 1 . While 
when methylation-speclflc primers Ml and M2 are used, a 168 bp 
DNA Is amplified, said DNA comprising a nucleotide sequence 
a2:*lslng from bisulfite treatment of DNA which had comprised the 
25 nucleotide sequence represented by nucleotide numbers 680 to 
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847 in the nucleotide sequence represented by SEQ ID NO: 1. 
<Unmethylat Ion- specific primer > 

Ul: 5' -TATGGGAATTTGTTGAGTTTTGT-3' (SEQ ID No: 2) 
U2: 5' -AACCAACAACCCCAAACA-3' (SEQ ID No: 3) 
<Methylation- specif Ic primer > 

Ml: 5* -GGGAATTCGTCGAGTTTTGC-3* (SEQ ID No: 4) 
M2: 5'-AACCGACAACCCCGAACG-3' (SEQ ID No: 5} 

Specificity of the unmethylation-specif ic primer and 
misthylation- specific primer were verified, as described in 
E:!cample 1, in genomic DNA (DNAl) of immortal (normal) pancreatic 
ductal epithelial cell (HPDB-4/E6E7 ) and in part of the DNA 
treated with methylase SssI (NEB) resulting in the genomic DNA 
(DNA2). 

A reaction solution for PGR was used which was obtained 
by mixing 25 ng of a DNA as a template, each 1 fil of 20 E»nol/M,l 
aforementioned primer solutions, 2.5 |a1 of 2 mM dNTP, 2.5 fjil 
o:!: 10 X buffer (100 mL Tris-HCl pH 8.3, 500 mM KCl, 20 mM MgCl2) 
and 0.2 ^1 of a 5U/^1 thermostable DNA polymerase, and adding 
sterilized ultrapure water thereto to an amount of solution of 
25 fil. When the aforementioned unmethylatlon- specific primer 
Wilts used, PGR was performed at the conditions under which the 
reaction solution was retained at 95''C for 10 minutes, and 32 
cycles of temperature maintenance were performed, each cycle 
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was 30 seconds at 95**C, 30 seconds at 59**C and 30 seconds at 
72*'C. In addition, when the aforementioned 
methylatlon -specific primer was used, PGR was performed at the 
conditions under which the reaction solution was retained at 
95°C for 10 minutes, and 32 cycles of temperature maintenance 
were performed, each cycle was 30 seconds at 95**C, 30 seconds 
at 62*'Cand30 secondsat 72^C. Inany case, after PGR was performed, 
a reaction solution of PGR containing the amplification product 
was subjected to 2% agarose gel electrophoresis. 

Results are shown In Figure 2 . In the case of 12 specimens 
of human-derived pancreatic normal tissues, when an 
u:amethylatlon- specific primer was used (lane U) , a band of the 
amplified DNA was recognized, and when a methylatlon- specific 
primer was used (lane M) , a band of the amplified DNA was not 
di^tected« Therefore, In the case of human-derived pancreatic 
normal tissues. It was determined that at least cytoslnes 
represented by nucleotide numbers 679, 687, 690, 699, 830, 834 
and 843, respectively, of the nucleotide sequence represented 
by SEQ ID NO: 1 were not methylated. In the case of 9 specimens 
ainong the 12 specimens of pancreatic cancer tissues. In addition 
to a band amplified when an unmethylatlon- specific primer was 
uiited (lane U), a band of a DNA was also recognized when a 
methylatlon -specific primer was used (lane M) • Therefore, 
under that condition. It was determined that at least cytoslnes 
represented by nucleotide numbers 687, 690, 699, 830, 834 and 
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843, respectively, o£ the nucleotide sequence represented by 
SEQ ID NO: 1 were methylated owing to canceratlon of part of 
the tissue. 

Example 3 (Test of confirming expression status of Flbrillln2 
gene In pancreatic cancer cell line and effect of methylatlon 
Inhibitor on expression of the gene) 

seven kinds of human-derived pancreatic cancer cell lines 

(bXPc3, HPAF-II, Capan-2, MiaPaCa-2, Hs766T, PANC-1 and HPAC) 
and Immortal (normal) pancreatic ductal epithelial cells lines 

(HPDE-4/E6E7 and HPDE6-E6E7c7) were cultured to 70% confluent 
In an exclusively used medium, and thereafter, each cell was 
corrected. 1ml of an ISOGEN solution (Nippon Gene) was mixed 
with collected each cell (wet weight about lOOmg), this was 
homogenized, and 0 . 2ml of chloroform was added thereto to suspend 
them. After suspending, the mixture was centrlf uged ( 4^*0, 15000 
X g, 15 minutes) to recover the supernatant. 0.5ml Isopropanol 
was added to the recovered supernatant to suspend them, and the 
suspension was centrlf uged (4''C, 15000 x g, 15 minutes) to recover 
the precipitates (RNA) • The recovered precipitates were rinsed 
with 75% ethanol, and dissolved in DEPC (diethyl 
pyrocarbonate) -treated water. 

Two kinds of human -derived pancreatic cancer cell lines 
(PANC-l and HPAC) were seeded at a density of about 6 x 10® 
cells/ 10cm plate, and cultured using an exclusively used medium. 
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On the first day after seeding, 5-aza-2 ' -deoxytldlne 
(manufactured by Sigma) (hereinafter, referred to as 5Aza-dC) 
which Is a methylatlon Inhibitor was added to a medium to give 
the concentration of 0.5 or 1 \iM, Twenty four hours after 
5 addition of 5Aza-Dc, the medium was exchanged with the 

aforementioned medium to which no 5Aza-dC was added, and 
calturlng was continued. Then, on the third day after seeding, 
5.\za-dC was added to the medium similarly. On the fourth day 
after seeding, cells were recovered, and RNA was extracted and 

10 recovered from the recovered cells according to the same manner 
a:3 described above. 

The thus obtained 3 \ig of RNA was treated with DNasel 
(iUnbion), and this was used as a template and Superscript II 
( Invitrogen ) was used to synthesize a cDNA according to a protocol 

15 a~:tached to the enzyme. By performing Real Time PGR using the 
synthesized cDNA as a template and using Fibrillin2 S and 
Fibrillin2 A shown below as a primer pair, a DNA derived from 
a tnRNA of Fibrillin2 gene was amplified . Thereupon , as a control 
by performing PGR using the aforementioned cDNA as a template 

20 aad using GAPDH S and GAPDH A solution below as a primer pair, 
a DNA derived from a mRNA of a Glyceraldehyde 3 -phosphate 
dehydrogenase (GAPDH) gene was amplified. 
<Primer ( S: sense. A: antisense)> 

Fibrlllin2 S: 5 ' -GGCGAGGACAGCAGGAC-3 ' (SEQ ID NO: 12) 
25 F:l.brillin2 A: 5 ' -TGATATTTGCCCACTGGAACA-3 ' (SEQ ID NO: 13) 
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GAPDH S: 5 ' - AGGTGAAGGTCGGAGTCAACG- 3 ' (SEQ ID NO: 14) 
GAPDH A: 5 ' -AGGGGTCATTGATGGCAACA-3 ' (SEQ ID NO: 15) 

A reaction solution of PGR was used which was obtained 
by mixing 50 ng of a cDNA as a template, each 1 |il of two kinds 
of 10 pmol/^1 aforementioned primer solution, 4 ^1 of 2.5 mM 
dl'ITP, 4 jxl of 5 mM dUTP, 5 |il of 10 x SYBR Green PGR Buffer, 
6 |il of 25 mMMgCl2 and 0 . 3 jil of a 5V/\il thermostable DNA polymerase 
(j\mpllTaq Gold), 0.5 ^il of AmpEraseUNG and adding sterilized 
ultrapure water thereto to an amount of solution of 50 M'I. Real 
T.:Lme PGR was conducted by using ICycler Thermal Cycler (Bio-Rad 
Laboratories ) . When a DNA derived from mRNA of Fibrillin2 gene 
and GAPDH gene was amplified, after the reaction solution was 
retained at 95**C for 10 minutes. Real Time PGR was performed 
at the conditions under which each cycle was 30 seconds at 95**C, 
30 seconds at 59'*C and 30 seconds at 72°C to quantitate Fibrillin2 
gene and GAPDH gene. 

The results are shown in Figure 3 and Figure 4. In the 
case of human-derived immortal (normal) pancreatic ductal 
epithelial cells lines (HPDE-4/E6E7 and HPDB6-E6E7c7 ) , a DNA 
derived from a mRNA of Fibrlllin2 gene was detected, while in 
any case of seven kinds of pancreatic cwcer cell lines, the 
DNA was not detected. That Is, in human-derived Immortal 
(normal) pancreatic ductal epithelial cells lines (HPDE-4/E6E7 
andHPDE6-E6E7c7) , expression of Fibrillin2 gene was confirmed. 
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while In any of seven pancreatic cancer cell lines, expression 
of Fibrillin2 gene was not recognized. 

In the case of PANC-1 and HPAC cultured in the presence 
ofO,5MMorl|iM 5Aza-dC , a DNA derived from a mRNA of Pibrillin2 
gene was detected . Meanwhile , a DNA derived from a mRNA of GAPDH 
gene was detected similarly, in the case of immortal (normal) 
p.ancreatic ductal epithelial cell lines (HPDE-4/E6E7 and 
HPDE6-E6B7C7) , in the case of pancreatic cancer cell lines PANC-1 
aad HPAC cultured in the absence of 5Aza-dC, and in the case 
of PANC-1 and HPAC cultured in the presence of 0 . 5 mM or 1 (iM 
5Aza-dC, That is, in the case of pancreatic cancer cell lines 
Pj\NC-l and HPAC, expression of Fibrillin2 gene was recognized 
in the presence of a methylation inhibitor. 

From the foregoing results, it was made clear that the 
aforementioned methylation in a pancreatic cancer cell line is 
inhibited by a methylation inhibitor, and Pibrillin2 gene is 
escpressed in the presence of methylation inhibitor. 

INDUSTRIAL APPLICABILITY 

The present invention can provide a method for assessing 
cancerous state of a mammal -derived specimen. 

PItEE TEXT IN SEQUENCE LISTING 
SEQ ID NO: 2 

Designed oligonucleotide primer for PCR 
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SEQ ID NO; 3 

Designed oligonucleotide primer for FCR 
SBQ ID NO: 4 

Designed oligonucleotide primer for PGR 
5 SBQ ID NO: 5 

Designed oligonucleotide primer for PGR 
SBQ ID NO: 6 

Designed oligonucleotide primer for PGR 
S:SQ ID NO: 7 

10 Designed oligonucleotide primer for PGR 

SI2Q ID NO: 8 

Designed oligonucleotide for probe 
SISQ ID NO: 9 

Designed oligonucleotide for probe 
15 S:i2Q ID NO: 10 

Designed oligonucleotide for probe 
SlISQ ID NO: 11 

Designed oligonucleotide for probe 
SEQ ID NO: 12 
20 Designed oligonucleotide primer for PGR 

SEQ ID NO: 13 

Designed oligonucleotide primer for PGR 
SKQ ID NO: 14 

Designed oligonucleotide primer for PGR 
25 SI:Q ID NO: 15 



64 



Designed oligonucleotide primer for PGR 



